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A b8tr 且CI
yanji Basin is a s ubside nc e ofthe e arth
'
s cr u st tha;tiよe nclos ed withiTlthe Ra nge Of Mouqt&in TTm han, The lake
Bo ste n, whichislo cated inthelo w estpla ce ofthe Y&njioasis,i8.in the c ez7terPartOfthe Basi7LT hethree n &iniI血o w
riv ers
,
nam ed Kai du, Hu aJlgShllia ndQi喝 血i,deriv e丘o mthe n orthw estern.and northem m otntain aEC8S. The o utflo w
is o nlyKo ng qu eRiv er, which lo c at由 o nthe s o utherntip ofthebasizL. The O85is m ainly c o n由ts oftheirrig3tio n 幻
･
C 8 8
,
r e ed la nds a nd other w ater are as. W i仙 the cx8minatio n ofthehydrological chara cteristics ofthe･B舶 h, which u e
studied basedonth匂 8nalysis ofavailabledata&oJn1976to 1989at thehydrolog血1 細 血 ns aro u ndthe YaJlji Oasis,
w ebuilt up a w aterbahn ce m odelof Lake Boste;tl O v e rthe en血e Oa sis regio n. Forthe modelthe e8tjJTL8tio n ofthe
u n u alev apotra nspiratio n ofthe ale ais required. In orderto res olv ethi白qll eStio n, w e名rstly cal 血1a:tethe w aterbudget
with th is modelbyuslng Ofsom e e mpiricalpa m m ct rs如 m theprevio us Te 滞 aTChinEr es ults;the n w e ca n co mparetI]e
c8lcuhted lake'sle v elswiththethos e ofr ecordedfor e achye ar･ Furthermor e, on thebasis of thefact thtlitde chnses
ofthe -ter sto mgein the oasis had o ccu rredfor alotLB Period, w c c a n r c vi8edthe e m
-
piric,～par a m etersbythe Tn 地 IS
of m athe m atic alanalysisto minimiz ethedilrere n cebtw c cnthe w aterlev els ofc alculated andrecorded. Fimlly, the
w aterle v elof the h ke aTld other w aterbtldgetsin the o asi co uld be d cuhted wi 也this m odel, whilei71CludiJ)i the
v aria;lio n of the w a･te r sto rageinthe o asis ea chyear.
KeyW brdB: Wate rB danc eModeL 触 te nI 血 , Ya EjiO舶i8.
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.Intr oduction :
The Lake Bo ste nislo c ated inthelo we stpI抑 嘩轡芦 軸 Basi71inthe cederpa rtof the Ya nji
Oasis. Itis the bigge st &e shw 坤rlakein 也e
､壬d益d 6fC hin aXinjia ng n o w ad ys. The w ater
c a[pa ciq ofthe Bo ste nlakeis abolr[ 8.8- 7.Skm
3
ciOip¢ide with也9■ 噛 rle v elof 1046m eter s;in
也is c a s e
,
the w ater ar e a c a n r e a che stoS59.4 6- 8$8.09 km 2 . Fo rthein皿ow dischargesiflthe Basin,
it m ai nly c o m es丘
･
o m thethr e e main riv er s, n a m edE hidtl, =u mgshtd a ndQingshuir espe ctiv ely,
which deriv e丘o m the n orthw e ster n and n o rther n m o untain 且代 弧 The o utflo wis o nly Ko ngqtle
Rive rthtlo c atedo nthe s o uthe mtip ofthebasin. T he Ya nji Oasis m o stlyc o n由sts oftheirrigatio n
ar e as, r e ed lands a ndothe r w ate r a r e a s and distribute s o nthe w e ster n a ndn orther npa rts of theLake,
T he o a siis n ot o nly o n e of theimpo rtad regio n s ofagricultu ralpr odll血o n,butals ois main pla c e
ofr e ed origlnin Xinjiang AIItO n O m O u SRegio n. W ithregards to the Lake Bo sto n,itplays a n
impo rtaJIt r ole o nthe de v elopm e nt ofagic ulttu e,indu strie s and Bsherie s as w ella sthe n atu r al
eⅡvir onm e nt. How e ver, its w ater a r e a re c e血1y sho w s ade cr e a singtr e nd, a ndthe w ater s alinity
be c o m e shighespe ciallyd1由ngthe1980s
r
. T hus,itis ve ry n e c ess aryto clarifythe w ate rbalan c e
m e chanis m ofthe Lake. h this study, by u singthe av ailabledB[ta Ofthe丘v ehydr ologic alsta血o n s
aro und the o a si a nd thelake丘･o m1976to1989, w ebuilttzpa w aterbala n c e m odelofLakeBoste n
o v erthe emir eOa sisr egi o n. With this Model, we c an e stim a[tethe w aterle v elof thelake a ndothe r
w ate rbtldgets ofthe o a si .
2. T he E8 8 entialCondi tionsfor the Wate rB alance M odel:
The r e a s o nto buildingthe w ate rbalance 皿Odelofthe LakeBo sten o ver the e ntire oasisiB
21
ba且e On thefonowingfa ctors.
a)T he Envir on m e ntalConditio n8 0fthe Ya nji OaBi8:i)T he Ba sinis e n closed by the m oll ntain s
ah o 8t m ake 8the Lake Bo 8ten a8 a dD Sed syste m , ther eis only one o utlet a cro s sthrou ghthe
rockupliftwith a v e ry8hghtgr adie ntslopedo w nto the s outher ntip oftheba 8in ･ Therefo r e, W e
c an con side rthat the gr o undw ater c a ll O nly no w to the o asis and thela女e witho utout of the
Basin. ii)T heBo11 nda rie 8betw e en the o a 8i andGobii8 V e ry Clea rly, thusit i8 e a sytO Calculate
tlle ar ea8 0fvegetation for the pu rpo s eofe 8tim ating the e v apotr a n8Piratio n･ iii)T he4 no r mal
hydrological Btationsju 8七 山t ribute B a r o u nd the peripheries ofthe oasis withlong-tcr m
'
s
obse z･vatio n(Se ethe Table1).
Table l. List, OfHydzdogicd O b8 e r V atio nStatio n 8
St,Btio h ･N &ln 8 0friv e r CAt 血m e nt 耶 8
(kmT).
BIw &tio n
(zn)
O b8e rV ZLtio z1
Pedod
O b8er▼Atio11iteJn S
DSK St. Kaidu 1 9､ 022 133 B.9 - 1339.7 195- P r e s e nt R O. Sde ct.
ⅡS G St Eu 皿見Shuigo1) 5,0 0 0 1319.4 - 13233 1 955- pr e s er[t I, O. SdetG.
QS】乱St - Qingshui ■
1･465 1956-I)r e S e 7It It Q, Sdetc.
T S D, 臥 Kon朗 ue 1048.2 - 1 052.3 194S- Dr e S e nl: ⅠもQ. Sdetc
･DS T,st. Boste nLake 10 4 7. - 1 049.I 1955- prese nt ItE事 . P. Tw . Ta etc.
I: Ev aporatio n w地 20c m c vaporatio 叩 an ･ 1) I: Waterlev el Q: Dis charge Sd:Su spetlSio n s andtran spo rt E:
evapor血 on P二Pre CipitatioJl･ Tw :Water_
te mperatu re Ta:Airte mperaLtur e
b)The available data during1 976-19 89:i)T he river8 diB Cha rg甲 a ndthe w aterle v els ofthe
l奴 e 中ad r ec ordedin the 8 ehydr ological8tatio n s･ ii)T he pre cipitatio n, e vap6ratiorla ndthe
w aterk!v eh oftheLake re c ordedattheBo sto nhydr ologicalstatio n. iii)T he are a s0fthe o a8i8:
It indmdes thetype8 0fi dgation lm ds, the r e ed lands, and the othe r water are aetc･(Seethe
丘gⅥ r e1).
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FigtLre1. T he pe T
･
C e Jltage Of la JId s tl rfa c c a r e a s
in YanjiBa siA iA 19 81
C)ThePre viousStudyRe 8ult8:i)The relatio nshipbetw占e n the w aterlev els a ndthelake
.
s aLr ea
andthe capa citie s:
smi - ai . (Ei - 1
■
040) ＋bi (1)
vi - ci ･ (Ei - 1 04 0) ＋d･i (2)
wher etheSm iisthe are a ofthe m ainlake vddlthe l mitofsqu a 托kilo m eter, the Vi the c apa city wi tht 8
u nitof10a m 3 cc q e甲O nding wi 血 血e waterle vel･ ii)T he em piricalco efRcie nt8fo rcalc ulating the
ev apo r atio n and ev apotran Bpiration Crable 3). iii)T he integrated data of the irrigation
are as that co m es 丘o m thediuer e nt8tatisticalu nits and diffe rentperiod. iv)T he equ atio n
(3)to estin ate the areas (S Ri)for ea chgrade r e edinthe ye a rCYJ.
SR i - SRi * ＋ (1 981
- Yk) ･ γi (3)
Wherethes R書iis the reed ar ea of the Bo ste n r egionin 1981; thei
■
de n ote sthe re edgrade sthatis
2 2
us u allycla s sifiedinto4gr ade; γi de n otesdegr adingrate血rhgthisperiod.
3. A WaterBalan ce Modelof the YaTIjiOa sis
As the Figu r e2 sho w s, the w aterbtldBetS Ofthe model couldbe divi ded 血o s ev e nparts. Ho w to
c alct11ate･也e eachpart of the w aLte rbudsetsis c o n c er nlng wi th the sllCC C SS Or 免iltlr e Of the w aterbalance
m odel. W iththe e x a min atio n ofthehydrologic alchar acteristics ofthe Basin, w e s etup a s ede s of
equ atio nsto e stim atethe m(1 08m3perye a,)appr o xim atelybyusingof the a vailabledatakom 1976
to1989asw ella s s o m eprevio u s r e s ults.
PeTC Ohtio n ofI)reCipita血Tl
(QF*=0.8 707)
F一o odoftheh btnt拙IS
(Qf ＋=0.7 8 67)
UTmirgrotndru noq 触rrl伽
Mo u ntahs(Qu' 司.5320)
Percoh 血pnofsTr)al
strc an B(Qx-tO.4013)
Spr)
'
r)85 SVe aJTLSfroFnthe
m o unt血s(Q8一 正0.1445)
工施chaTgeS Of h 瓜o 耶 rivers
(Qrg 2.6307)
Pre cipねt[or)htheO8且is,
Lake etc.q's缶1.占455)
Oro urKlⅦter stlPPh, b m o此r oT
theO出岳(Gm 句 .7 170)
YanjiOa由
ThestoraEC Y由tioqofBrm nd
Ⅶ terhtheYwJ
'
i Zbsh(Qg)
OdfkIW S Of theKozIBqt皿 Yer
(qpl 1,On 4)
C hmgehLDthe stJrrA Ce
Ⅶter(Qw)
Bostcnhkc
CorLStm Cbyc vapo ト廿m spirzL(bJ)
仲c)
Figtl re21 T he sketch m 叩 Oftbe w aterbahn c cintheVat)jiOasis
T he v血 耶 hows 伽 waterbudgets oftl-叩 eCincycar紙hthe tni(as:10
8
m㍉eal.
一:d印Ot8Sthevaltleis o7]1yaya血bleぬr ceTtahpe n
'
od
1)T he eqtlation8 0fc alcuh ting e a ch w aterbudgets:
a)T he eqllatio n s(4)for calc ulat ingthetotal inflow discha rges(QrDofthe riv erB a r e母etllp:
Qr.I =(Rd, ＋ R h,
Ro
,
I Kl
'
･ Rq,
K i- Ro e/ Rq
*
=
'
2:
q
,
i
3
'
.
＋ Ro
t
) (4)
Where
,
R d
,
R ha nd Rq m e a n 白an n ualdi8 Cha rge sof theIこai du, f[u ang8hli addthe Qingslm i
Riv e r re spe ctively, withthe rec orded data; Roisthe dis charge of the othe r s mall riv e8 in the
basin;the
'T* ''den ote 8thedata a vailable o nlydu 血 ga ce rtain period.
b)The equ ation s(5)fo rcalc ulatingthe a n ualgrou nd w ater(Gm)tllatPerC Olated intothe
Oa sis a re a8follo w s:
23
Gm, = a
･
･ QT,
aL= Gm */QT. *
Qrf = 3 2.63
_
Gm * ; Qp
*
＋Q/
*
＋Qu *＋Q. * ＋Q3 * = 2.,1,.) (6,
whe re α i8the coefBcient; the m e aming昌 Ofthe Q,
☆
,Q.f
*
. Qu
*
.Qx
'
,
andQ i' 8ho w n a8 the
Figu r e2 abov e.
c)T he equ atio n(6)ca n be us edto calculate the w ate rSupple me nt ofthe o a Bi8 食o m the
pr ecipitation(Pb: wi thtlle u mitof
t-
m m
-I
)obser ved at theBo8ten hydr ologic a18tatio血:
psE - P bL5m) I(srl, ＋ Sr21 ＋ Sr,i･Sr. i)' Ui ･ Sw ･Sc ･Sh)･10
-5
(6)
Where
,
the I.Sm n ofthelake■8 iu ea C an be calc ulatedbythe equ ation(1);I.Sri
■■
c a nget缶o 皿
the equ ation(8), here, the
ni” m ea n8 the gr ade ofthe re ed, ittakes the nu mbe rs0f 1,2 3
and 4,I
..SfriB the a托 a Oftheirrigatio nhnd;
'ISw'.i8the othe r8 m山1lake s' a r eain the o a sis;
”scr■i&the a r e a ofthe c attail land n ea rthelake;
”Sa'r m e a nsthe ar ea ofthe Salin か alkali
hnd andthe u nculttv atedla nd8.
a)The annu al discharge ofo utflo wB(Qo)ca nbe
■
obtained 血e ctlyfro m the･data obs er v ed at
Eongqu eriv e r.
e)The a n nualv ariafion (Qw)of the w ater volu mein the Lake Boste n c anbe calcuh ted
丘o m the w ate rle veh wi th he above equ ation(2)
カT he w ate rc o n s u mptio n(Qc)ofthe e vaporatio n a nd e vapotranBpiration ofthelake and
theplant 尽a nbe e声tim ated by the fonowing equ atio ns:
Qc) -(QEy, ･ QE,, ･QE/I ･QEa,)･ Kw
QEy, - EwL ･(Sm ＋Sw)Ilo
-5
QEn･ - Ewt ･【(S[.,＋Sr21＋ Sc). Krl ＋(Sr,.＋Sr.,)- Kr2]･1 0
-5
QE声 = Fd ･ Kf.一軍 ･
＋
1･0
ー5
QEa, - Ed rSa ･io
-5
･
Ed I
-
Jl･ E2.
1 = E
y
/ E20
(7)
wher e the t'QEwt' m e an8 the evapo ratio n h m thelake and other w ater azca 8; '.Q宜,lT
m e a n sthe.ev apotranBpiratio n ofthe re edla nd;
■■
QEET
'iBthe e v apotran8piratio n of their rigatio n
lan由;
”QE/i8 thatfro mthe u ncd 6vated lands;■'EJ'isthe ev apo r atio n ofthelake s 血 cethat
can be c o nverted 丘o mthedata of EBB.by u sing of the coefBciBnt Of
■. 1
”
･
2) The w aterb 血 c e eqtLadon ofthe Jn Odel
As the equ atio n slisted above, ye c a ncalc ulate the ar n ual v a riatiorlS(Qg) ofw ate r sto r age
ih the
‾
o a苧is with the wate r bala n c e equ atio n (8) of this m odel du ring the pe riod of 1976
to 1989:
[(Qrj＋ Ghd ＋ Psl)一 挺o, ＋Qc∫‾＋ Qw,)]- Qi,＋ 勾, (i I 1 976,197 7, - ,19 89) (8)
whe re the '-6Q
-' de note8the re Bidual8in the equ ation .
At 丘拍t
,
W e a 8 S u m ethe Qgis equalto 雄 m dmingthe period of 1 976to 1 989. W ith the
e mpiricalc o eBicientBlistedin the Table2and七he equatio n s(1)-(8), w ec ouldc alculated the
24
w aterle v els 0fthe Bo ste nLake a 8 Sho wn inthe Figu re3:
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Figu r e3. Wate rLe v els Calc ulated bythe Model
without Mathe m atic al Revisio n a ndthe Rec orded
Lev elsin Lake Bo sten
1 9 9 0
3)Revisingthe m odel
'
8 eqtlatio n 8by m e ans Ofc orr e cting the e mpiricalpara n ete r8 0f
evaporatio n BLndevaLPO rtm n 8PiratiozL
In ge n e ral, w e c an c o n siderthathttle change s of the a n ntlal w ate r Storagein 也e oa 8i8
for alo■ng period, the r eh tio n 8hipc an bed朗 Cribed aBthe eqtlatio n(9)Show n :
lhp比嘉6Qgl)- C ¢)
whe r e, the f m ea n s a 8m a皿qu antity. In this Ca畠e･
.
W e a B 8tlhethat the equation(9)iB
血 effectiv e when the
--i■- clmnge8 丘o m 1 976 to 1 989;the r efoze, w e can 稚 viBe the
e mpiricalpa ra m eters ofthe equ ation(7)a8the Table 2 listedbelo w･
Tat) e 2. TbeCotnp riso mthe r e yi d co effic e 山s( 杓fo r calctlh 血gtbet - 旭Pir&tio ” JId the e v
Are as
rb㌔)
h b in Lake
(SJ
(Sy) C如tコ山 Land
ES._)
SRl＋S R2 S R3＋ S Rヰ (S.) (Sf)
K K l K｡ Kv K K. a ,
Co eiR. I,0 I.0 1.3 ‾ 1.3 0.76 0.90
＋ 130
Revis ed 1.32 1 32 1.78 1.78 0.62 0.90 1.06
&po r Atio n
4. . C alculatingthe w ate rle vels 0f the Lakeby u singthe w aterbah n 飴 n Odel
Fr om n o won, withthe w aterbalan α m odelin theY hnjioaBiB, W e C Ouldcalculatethe ea ch
par由 of the w aterbud.gets,by u sing ofthedata 缶o m 4 hydr ological8tation s andthe o asi a 托 a,
for e‡ a mple,the w?terlevels Ofthelake 血o m 19 76to 1989伊igur e4)･ Ⅱ ow eve r, you m ust n ote
that the re8ult8 C Ontain the e rTO r8 Cau 8Cd byan n ualvariation ofthe w ate r storage ofthe oa sis.
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Figu r e4･ W 8ter Lev eJs Calc ulatedbythe Model& Tld the
且e c orded Lev el且in LakeBo st印
51 D由印 8申on :
In this mOdel･ the a c c u r a cy of w ate r budgets i8 pot Only in flu e ne ed by e m piric al
pa r a n ete r 80f the equ ations,butalB Odeviated bythefollowingeZT Or 8.
1)T he aLZea da;ta ofthe r ed is onb, a_v ailable fortw oye ar s, th占in ve8tigatio n wa s C a rried
out,in 1965a nd in 1981.
2)T he e 8tin ation ofthe 仙 曙eS-如 he 8tbe r s mallriy 甲 ‥
3)The e申 m atiD nOf the Grou ndw aterDiBCharge魯by}heinflow di8ChargeB.
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